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(71) We, C H. DEXTER LIMITED, a body corporate organised under the 
laws of the United Kingdom, of Chirnside, Duns, Berwickshire, Scotland, TDU 
3JU, do hereby declare the invention, for which we pray that a patent may be 
granted to us, and the method by which it is to be performed, to be particularly 
described in and by the following statement: — 

The present invention relates to a process for the production of paper 
containing certain additives, which paper exhibits a good alkaline wet strength and 
a good water absorbency, to the paper so produced and to products comprising 
such paper. . . 

One field in which the present invention finds application is in the production 
of casing paper, which may be used for the manufacture of packaging for meat 
products such as sausage. . 

Casing paper is commonly manufactured from paper webs of relatively strong 
high-tenacity natural fibres, such as abaca, sisal or flax. The paper web is saturated 
with a dilute viscose solution, for example a solution obtained by diluting a solution 
containing 7% by weight of cellulose (as cellulose xanthate) and 6% by weight of 
sodium hydroxide to a 1% cellulose content. The viscose-saturated web is dried and 
the cellulose in the viscose is then regenerated by passing the web through an acidic 
regenerating bath containing, for example, a i— 8% aqueous sulphuric acid 
solution. The web is then washed free of acid and dned to produce a paper web 
impregnated with acid-regenerated cellulose. This casing paper is th^n generally 
formed into rolls ("master rolls"). 

Casings for the packaging of processed meats, e.g. sausage, may be 
manufactured from the casing paper by cutting it into strips which are then folded 
to form tubes. The tubes are saturated with an alkaline viscose solution, containing, 
for example, 7% by weight of cellulose and 6% by weight of sodium hydroxide. The 
cellulose in the viscose is then regenerated by means of an acidic regenerating bath 
containing, for example, dilute sulphuric acid and possibly such salts as sodium 
sulphate or ammonium sulphate. The tube is then passed through one or more 
baths in order to wash out the acid and the salts. t 

If desired, the tube may be passed through an aqueous bath which contains a 
plasticizer, e.g. glycerine, for the regenerated cellulose. The tube is dried by 
passing it through a heated chamber (the tube being in an inflated state) to give a 
celluiosic tubing which has embedded therein a paper web. This tubing may then 
be stuffed with a processed meat product under pressure. A process of this type is 
described in detail in United States Patent No. 3,135,613. _ 

The purpose in treating the initial paper web with dilute viscose solution, 
followed by regeneration, is to provide the web with strength and structural 
integrity so that it may withstand the treatment with the highly caustic viscose 
solution used in the formation of the casing tubes. The amount of acid-regenerated 
cellulose in the casing paper is, in fact, comparatively low; thus, the casing paper- 
may have a typical basis weight (weight per unit area) of 20 grams/m , of which the 
acid-regenerated cellulose accounts for 0.6 g/m 2 , compared with the material 1 of the 
casing tubes which may have a typical basis weight of 70—80 g/m , of which 50—60 
g/m 2 may be accounted for by the acid-regenerated cellulose. However, despite the 
initial treatment with viscose, the treatment with the highly caustic viscose solution 
used in the formation of the casing tubes will inevitably entail a certain degree of 
softening and weakening of the web. This imposes a limit on the production speeds 
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if difficulty in- handling the webs and possible break-downs in production are to be 
avoided. There is accordingly a need in the art for casing paper having an improved 
alkali resistance in order to permit higher production speeds in the manufacture of 
the casing tubes. 

5 In. United States Patent 3,378,279, there is disclosed a tubular regenerated- 

cellulose casing for dry sausage, which casing is provided with a coating comprising 
a cationic thermosetting resin bonded to the inside wall thereof. The patent 
suggests that polyethylene imine may also be employed for this coating, although 
this material is not, in fact, a thermosetting resin. The purpose of the inner coating 

10 is to improve the adhesion of the sausage casing to a dry sausage product despite 

any shrinkage which may occur when the dry sausage product is processed and 
dried in the casing over a prolonged period of time. It should be noted, however, 
that in the aforesaid process it is not the casing paper as such which is treated with 
the thermosetting resin, but the tubular casing material. In the embodiment 

15 illustrated in U.S. Patent 3,378,379, the cationic thermosetting resin is applied to 15 

the inner surface of the casing tube after the application of glycerine and before the 
casing is dried, in an inflated state, in a heated chamber. 

Another problem recognised in U.S. Patent No. 3,378,379 is the variation in 
extensibility in the transverse direction exhibited by casing paper strips cut from 

20 different parts of the master roll. This can cause variation in the properties of the 20 

final casing tubes, which may therefore be unsatisfactory to the meat packager, for 
whom dimensional stability in the product is of commercial importance. To meet 
this problem it is suggested in the aforesaid U.S. Patent that a cationic thermo- 
setting resin (e.g. a reaction product of epichlorohydrin and a polyamide, a 

25 modified melamine-formaldehyde resin or a modified urea-formaldehyde resin) 25 

may be employed as the bonding agent in the casing paper, instead of the 
commonly employed acid-regenerated viscose. The cationic thermosetting resin is 
employed in an amount of at least 0.5% by weight based upon the dry weight of the 
impregnated fibrous web. The resin may be incorporated into the fibrous web by 

30 adding the resin to the fibrous slurry prior to forming the fibrous web. 30 

Alternatively, the formed fibrous web may be impregnated with the resin by 
passage through an aqueous solution of said resin. The said U.S. Patent also 
discloses the use of the thermosetting resin in combination with viscose which is 
not regenerated with an acid; however, in the latter case the viscose may be auto- 

35 regenerated by storing the web for a sufficient period. 35 

U.S. Patent 3,484,256 discloses a process for the production of casing paper, in - 
which a fibrous web is bonded with a cationic thermosetting resin, and a poly- 
acrylamide resin. An interesting point is that in Tabic III of that Patent, there is a 
comparison of the tensile strengths, under various conditions (dry, wet and 6/£ 

40 aqueous NaOH), of paper webs that are bonded with regenerated viscose or with 40 

polyamide-epichlorohydrin resin and polyacrylamide or with just polyamide-epi- 
chlorohydrin resin. The results might at first suggest that the alkaline wet strength 
of the web bonded with just polyamide-epichlorohydrin resin is at least as good as 
that of the viscose-bonded web. However, these results require careful 

45 qualification and are considered in greater detail hereinafter in Example 5. 45 

In United Kingdom Patent Specification 1,091,105 there is described a process 
in which casing paper is produced by incorporating into paper web an alkaline- 
curing resin such as polyethylene imine or a polymeric reaction product of 
epichlorohydrin and a polyamide. The use of the alkaline-curing resin in place of 

50 the customary treatment with dilute viscose is said to result in a casing paper which 50 

has more uniform characteristics across its width and which results in a casing 
having improved burst strengths. However, it has since been found that the casing 
paper so produced has an alkali resistance which is insufficient to permit 
sufficiently high production speeds for the commercial manufacture of the casing 

55 tubes. . , . 55 

In general, the alkali resistance of regenerated viscose casing paper is merely 
adequate; this means that in order to avoid numerous breaks in the web on the 
manufacturing equipment, the operation speeds must be limited. It has also been 
found that the absorbency of viscose-treated casing paper webs deteriorates with 

60 ageing. This will also serve to restrict the rate of production of the casing tubes; it is ou 

not uncommon for a period of three months or more to elapse between the 
manufacture of the casing paper and its subsequent use. 

Another field in which the present invention finds application is in the 
production of paper for the manufacture of infusion pouches, for example teabags 

65 and spice-bags. 
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Teabags and the like are commonly formed as pouches of a material ("teabag 
paper") that is permeable to water and to the beverage formed by infusion i.e. by 
the dissolution of soluble solids in the contents of the pouch, upon the application 
of hot water thereto. Desirable characteristics of the material are cleanliness, good 
5 absorbency, high wet strength, a sheet structure to permit rapid diffusion of the tea 5 

extract, and ability to perform satisfactorily in high-speed packaging equipment 
with which the teabags are fabricated and filled. The strength of the pouch is 
determined, by and large, by three main factors: firstly, the fibre composition of the 
paper and the chemical treatments, if any, that the paper has undergone; secondly, 

10 the nature of the contents (e.g. tea) of the pouch; and thirdly, the interaction, if io 

any,- between the solids dissolved during the infusion and the chemicals with which 
the paper fibres have been treated. 

Hitherto, the chemical treatment of fibrous webs for teabag paper has, in 
general, been effected by either of two methods. In the first method, the fibrous 

15 sheet is saturated with viscose and the cellulose in the viscose is then regenerated 15 

with a dilute acid. This. method produces a fibrous web with an adequate strength in 
aqueous alkaline conditions. However, the product has a disadvantage, in that it 
can impart an undesirable taste to tea or other beverages. 

The second method comprises saturating the fibrous sheet with a mixture of a 

20 polyamide-epichlorohydrin resin and carboxy methyl cellulose, as described, for 20 

instance, in U.K. Patent Specification 1,111,165. This method produces a fibrous 
web which is somewhat weaker in alkaline, aqueous media than the fibrous webs 
produced by the first method. This product, however, is neutral as regards taste. 
The drawbacks of these prior-art methods are particularly noticeable when the 

25 papers are used for production of herbal teabags; herbal teas are alkaline. Thus the 25 

viscose-treated paper can be formed into a bag having an adequate alkaline wet 
strength, but which gives rise to a beverage of poor taste or flavour. On the other 
hand, the other types of paper will not affect the taste of the beverage, but the 
teabags formed therefrom will have a low alkaline wet strength. 

30 Mention should also be made of U.S. Patent No. 2,698,793 which discloses a 30 

process for producing a sized cellulosic sheet having resistance to water and ink. A 
water-insoluble, hydrophobic sizing agent, in the form of a water-dispersible salt, 
and an alkyleneimine resin are added separately to an aqueous suspension of the 
cellulosic fibres, which suspension is allowed to stand after each addition, and the 

35 fibres are subsequently formed into a sheet. The sheet is then heated to 105° to 35 

150°C to develop the sizing properties of the sizing agent. Additionally, other sizing 
or filling agents, e.g. starch, can also be employed. 

The said U.S. Patent, it should be stressed, is concerned with giving the sheet a 
resistance to water by rendering it water-repellant. Thus, water and water-based 

40 inks are prevented from penetrating the interstices of the paper by the increased 40 

surface tension at the surfaces of the paper matrix. It should be noted that the 
sizing agents specified in U.S. Patent 2,698,793 must be water-insoluble, 
hydrophobic compounds. The "wet strength" exhibited by the sheets treated in 
accordance with the process of the said U.S. Patent is attributable primarily to the 

45 fact that the fibres remain in a dry state below the water-repellant surface of the 45 

matrix. It has, in fact, been known for a long time that water-resistance can be 
imparted to paper webs by treatment with chemicals such as rosin size. However, 
once water has been driven into the interstices of the web, either by mechanical 
forces or by use of surfactants, the apparent wet strength of the sheets would be 

50 lost. 50 

In contrast, the present invention is directed to the very different problem of 
producing a paper web that has alkaline wet strength (a property with which U.S. 
Patent 2,698,793 is not concerned) yet at the same time is absorbent. Clearly, a 
water-repellancy mechanism, as employed in U.S. Patent 2,698,973, would be of no 

55 use in the field of casing papers and teabag papers: the former are required to 55 

absorb aqueous viscose solutions and the latter must not present any impediments 
to the passage of water and of the aqueous infusion. 

It is an object of the present invention to provide a process for the production 
of paper having a good alkaline wet strength and a good absorbency. 

w It is a further object to provide such a process whereby casing paper can be 60 

produced which retains its absorbency even after ageing, thus permitting casing 
tubes to be produced using high-speed commercial processes. 

It is another object of the present invention to provide a process whereby 
teabag paper can be produced that combines taste neutrality with a good alkaline 

65 wet strength, whilst retaining a good absorbency. 65 
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It -is. yet a further object to provide such processes that avoid the use of viscose 
and its consequent acid regeneration. 

According to the present invention, a process for the production of paper 
comprises forming a fibrous paper web and treating the fibres with a water-soluble 
5 cationic, thermosetting, epihalohydrin-containing resin, a nonviscose film-forming 5 

material and a polyalkylene imine. 

The present invention also provides paper, for example casing paper and 
teabag paper, when prepared by the aforesaid process. 

The invention also provides casing material (casing tubes or skins) prepared 
10 from the said casing paper by a process comprising the application of a caustic 10 

viscose solution and subsequent acid regeneration, as well as infusion pouches, e.g. 
teabags (especially herbal teabags) and spice bags, manufactured from the said 
teabag paper. 

The fibrous web may be formed by papermaking techniques that are 

15 conventional in the art. The choice of the actual method and indeed of the 15 

composition of the fibres will depend upon the intended use of the paper. 

For example, the fibrous webs used in making casing paper are conventionally 
composed of natural vegetable fibres of pure cellulose and are preferably 
composed of long lightweight nonhydrated fibres of the Musa type, particularly 

20 hemp fibres of the Manila or abaca hemp variety.. Webs made from this material 20 

are generally soft porous papers of uniform texture and thickness and have for 
some time found wide acceptance as the primary fibre component of the fibrous 
base webs used in casing manufacture. 

In the case of teabag paper, a preferred fibrous material is a lightweight 

25 permeable paper made from any of abaca pulp, sisal pulp, regenerated rayon, 25 

espartograss pulp and long-fibred chemical wood pulp. Of course, in order to 
permit the fabrication of a heat-sealed pouch the fibrous material may comprise 
heat-sealable fibres of such materials as ^olyolefins, e.g. polyethylene cr poly- 
propylene, or vinyl chloride and vinyl acetate polymers. The basis weight of the 

30 paper of the invention is usually from 8 to 12 pounds (24 x 36 — 480). 30 

It will be appreciated that the invention lies in the selection of the three 
specified treating agents; these have been found capable of acting in an 
unexpected, synergistic manner to impart an excellent alkaline wet strength and 
good absorbency to paper webs. 

35 It should be noted that the three treating agents — namely the water-soluble, 35 

cationic, thermosetting, epihalohydrin-containing resin, the non-viscose film- 
forming material and the polyalkylene imine — may be applied to the fibres at any 
stage of the paper- making process, even prior to the formation of the web, e.g. they 
may be added to the fibre slurry. However, the said agents are preferably applied to 

40 the fibres after the formation of the fibrous web or sheet. Preferably, the three 40 

treating agents are applied simultaneously; this can be effected conveniently by 
passing the fibrous web through an aqueous bath containing all three agents, or by 
spraying the agents on the web. 

Preferably, the water-soluble, cationic, thermosetting resin is an epichloro- 

45 hydrin-containing resin. 45 

A preferred class of cationic, thermosetting resins are the water-soluble 
polyamide-epichlorohydrin resins (PAE), such as those prepared by the reaction of 
epichlorohydrin with polyamides .derived from polyalkylene polyamines (e.g. 
diethylene triamine or tetra-ethylene pentamine) and saturated or unsaturated 

50 aliphatic or aromatic polycarboxylic acid containing 3 to 10 carbon atoms (e.g. • 50 

adipic, itaconic, or succinic acid). Resins of this type are described in U.S. Patents 
No. 2,926,1 16, No. 2,926,154 and No. 3,125,552. 

In U.S. Patent 3,535,288 there are disclosed suitable resins that are derived 
from epichlorohydrin and polyamides that are the reaction products of certain 

55 amino polycarboxylates and derivatives thereof, especially ethylenediamine-tetra- 55 

acetic acid or diethylenetriamine pentaacetic acid, and polyalkylene polyamines, 
especially pentaethylenehexamine. 

Suitable polyamide-epichlorohydrin resins are also disclosed in U.S. Patent 
3,526,608. Here the polyamides are obtained from the reaction of polyalkylene 

60 polyamines, and either iminodiacetic acid, N,N'-piperazinediacetic acid, N-alkyl- 60 

iminodiacetic acids, N,N'-dialkylethylenediamine-N,N'-diacetic acids, or their 
corresponding lower alkyl esters. Preferred polyalkylene polyamines are 
diethylenetriamine, triethylenetetramine, and tetraethylenepentamine and 
mixtures of these polyamines. 

65 The resins disclosed in U.S. Patent 3,565,754 are provided by reacting epi- 65 
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chlorohydriri with polyamides derived from nitrilotriacetic acid and poiyaikylene 
polyamines containing two primary amine groups and at least one secondary amine 
group in which the nitrogen atoms are linked together by groups having the 
Formula — C n H 2 — where n is a small integer generally having a value of 2 and the 
number ofsuch groups in the molecule ranges from 2 to 19 and preferably up to 6. b 
The nitrogen atoms may be attached to adjacent carbon atoms in the group 
— or to carbon atoms further apart, but not to the same carbon atom. 
°As disclosed in U.S. Patent 3,816,556, water-soluble, cationic, thermosetting 
polyamine-epichlorohydrin resins can be converted into polysalts by reaction with 
certain anionic, water-soluble polyacrylamides. Such polysalts are useful in this 10 

Other epichiorohydrin-containing resins which can be used include the 
reaction products of epichiorohydrin with polymers derived from polyacryl amide 
and polyamines such as ethyienediamine (U.S. Patent 3,507,857); with hydrolysed 
, c polyvinylimidazoline (U.S. Patent 3,640,936); with polyamine-polyamide polymers 15 

derived from certain hetercyclic dicarboxylic acids, aminocarbonyl compounds, di- 
or poiyaikylene polyamines and epichiorohydrin (U.S. Patent 3,761,350); and with 
polyethylenediamine (U.S. Patent 3,520,774). 

The preferred film-forming material is hydroxy ethyl cellulose (HEC) 
20 although other cellulose derivatives, such as methyl cellu ose, hydroxy propyl 2U 

cellulose, and sodium carboxymethyl cellulose (CMC), could be used. Other film- 
forming agents include polyvinyl alcohol, starch, starch derivatives, natural gums 
and other, water-soluble, polymers. . . 

Polyethyleneimine (PEI>— which is the preferred poiyaikylene mune— is a 
25 water-soluble, cationic homopolymer which may be synthesized by acid-catalysed lb 

polymerisation of ethyleneimine. It is known in the paper-making art as a retention 
' aid to prevent short fibres passing through the paper-making wire. It has also been 
suggested for use in certain specialist papers where it may slightly increase the wet 

he water-soluble, cationic, thermosetting epihalohydrin-containing resin is 30 
usually applied in an amount to give 0.05% to 4%, by weight of t.he fibrous web, on a 
dry weight basis. For casing paper, the preferred amount is 0.3/ to 4/, especia y 
1.2% to 2.4%. For teabag paper the preferred amount is 0.05/ to 1%, especially 
0 25V to 0.5%. 

* The non-viscose film-forming material is usually applied in an amount to give 35 
0.5% to 8%, by weight of the fibrous web, on a dry weight basis. 

For casing paper, the preferred amount is 0.6% to 8%, especially 2 4% to 4.8/. - 
For teabag paper, the preferred amount is 0.5%, to 5%, especially 1 0/ to 3.0/ 
The poiyaikylene imine is usually applied in an amount to give 0.05/ to 2.0/, 
40 by weight of the fibrous web, on a dry weight basis. _ , 

This range is entirely suitable for casing paper, although the preferred amount 
is 0.4% to 8%. For teabag paper, the preferred amount is 0.1% to 1.0%, especially 

° 2/ ^Prior to°its impregnation with a caustic viscose solution or the like in order to 
45 form the final casing material, the casing paper of the present invention may be « 

treated in order to improve its absorbency yet further. One preferred method is to 
subject at least one side of the web to a corona discharge treatment at an energy 
density of at least 0.5 Watt-min/ft 2 of web surface. The usual level will exceed 1.5 
Watt-min/ft 1 and is preferably 5 to 40 Watt-min/ft 2 . This treatment is described and 
50 claimed in United Kingdom Patent Application No. 40210/76 (Serial No. 50 



1,517,489). 

The present invention is illustrated by the following Examples. 

Example I. 

A quantity of casing fibrous sheets was manufactured without any chemical 
55 treatment. Various blends of the chemical combinations containing Kymene 557 

(trade name of a water-soluble, polyamide-epichlorohydrin resin marketed by 
Hercules Powder Company), Polymin P (trade name of a polyethyleneamine 
marketed by BASF, Germany) and Natrosol 250L (trade name of a commercially 
available hydroxy ethyl cellulose) were applied to the untreated sheet by means of a 
60 laboratory size-press. ("Kymene , "Polymin" and "Natrosol" are all trade marks). 

A standard viscose-treated sheet was also manufactured on a pilot-scale paper- 
making machine for use as a standard. The sheets were then tested for alkaline 
tensile strength and absorbency. Eventually a suitable combination (Formulation 
A) was accepted for a full-scale production run. 
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This run was made by applying the chemical mixture by means of a size-press 
unit which was immediately followed by a drying apparatus consisting of a series of 
steam filled cylinders. - 

A second production run was also made where the Polymin P concentration 
5 was reduced by 50% in the chemical mixture (Formulation B). 5 

The resultant sheets were then tested and the results compared with those 
obtained with the standard casing sheet. The alkaline resistance was measured by 
recording the tensile strength on wet strips 25.4 mm wide after a 20 minute soak in 
6% sodium hydroxide. 

10 Absorbency of the sheet was also measured, this being measured as the time 10 

taken for water to climb 25.4 mm up a vertical strip of the paper. The greater 
absorbency, the less time it would take to climb the sheet. 

Of course, the test actually measures the absorbency of the sheet in the plane 
of the sheet, whereas in the production of casing tubes by passing a tube of casing 

15 paper through a caustic viscose solution, it is the absorbency in the direction 15 

perpendicular to the plane of the sheet that is important. However, it is postulated 
that the cited test correlates well with the absorbency in this direction. The 
penetration of an aqueous solution through a wet) — in whatever direction — is due 
to the same mechanism, i.e. capillary action, which in turn depends on the 

20 wettability of the capillary walls. It is furthermore thought that the wettability of 20 

the capillary walls may change with time in treated webs, particularly the in prior- 
art viscose-treated webs. Thus, the "water climb" test was made on samples shortly 
after their production and also on samples that had been aged for three months. 
The formulations used are shown below 

25 1. Standard Viscose. 25 

Viscose solution containing 1.75% cellulose. 

Regenerated with sulphuric acid at a concentration of 0.4 Normal. 

2. Formulation A Formulation B 

Water (litres) 492. 1 (37.8°C) 492. 1 (37.8°C) 

30 Natrosol 250L (kg) 12 12 30 

Mix Time (mins) 30 30 

Volume Make up (litres) To 6 1 3 .2 To 6 1 3 .2 

Kymene 557 (litres) 60.6 60.6 

Mix Time (mins) 5 5 

35 Polymin P (litres) 5.46 2,73 35 

Mix Time (mins) 10 10 

Volume Make up (litres) To 681.4 To 681.4 
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The results are shown in the table below 



TABLE 1. 



Properties 


Units 


Standard 
Viscose 


Formulation 
A 


Formulation 
B 


Sheet weight 


gsm 


27.1 


27.9 


27.7 


MD Dry 
Tensile Strength 


gm/25.4 mm 


4366 


4766 


4404 


MD Wet 

Tensile Strength 


gm/25.4 mm 


940 


738 


590 


Dry Elongation 


V 

so 


3.2 


2.16 


2.5 


Dry Toughness 


cm/gm/sq.cm 


95 


85 


75 


Wet Elongation 




4.8 


2.7 


2.1 


Wet Toughness 


cm/gm/sq.cm 


29 * 


13 


8.8 


Porosity 


1/min 


208 


254 


241 


Burst 


kg/sq.cm 


1.69 


1.23 


1.34 


MD Caustic 

Tensile Strength 


gm/25.4 mm 


270 


610 


495 


25.4 Water Climb 


sees. 


10 


8.5 


6.0 


25.4 Water climb 
after 3 months 


sees. 


20 


8.5 


6.0 



From the table of results, one can draw the following conclusions: — 
The chemical formulations consisting of polyamide-epichlorohydrin resin, 
5 polyethylene-imine and hydroxy ethyl cellulose had significantly increased the 5 

alkaline tensile strength compared with the standard sheet. 

The same chemical formulation has also increased the water absorbency, 
compared with the standard, after ageing. ' 

Example 2. 

0 Handsheets of a typical teabag base furnish, of defibred abaca and softwood, 10 

were produced to give untreated sheets at a basis weight (weight per unit area) of 34 
gsm. (The value of the basis weight of the laboratory handsheets is not itself of 
significance; however, all the experimental results are relative to this basis weight 
in order to perjnit direct comparison). 

5 Sheets of said paper were saturated with ao aqueous liquor containing both 15 

Kymene 557 (the trade name of a polyamide-epichlorohydrin resin marketed by 
Hercules Powder Company) and CMC. This simulated, on a laboratory scale, one 
of the prior-art treatments discussed hereinbefore. 

The treated webs were dried and then tested for their wet tensile strength and 

0 their alkaline wet tensile strength. The wet tensile strength was measured on strips 20 

of paper cut to a 15 mm width and saturated with water. The alkaline wet tensile 
strength was measured on strips of paper, 15 mm wide, saturated with 1% solution 
of sodium hydroxide. The results obtained were regarded as the standard and 
subsequent results from different treatments were compared to the standard. 

5 Further untreated handsheets, as described above, were saturated with an 25 

aqueous liquor containing Kymene 557, HEC and Polymin SN (the trade name of a 
polyethylene imine marketed by BASF, Germany). The sheets were dried to give 
treated paper sheets in accordance with this invention. The treated paper was 
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tested for wet tensile strength and alkaline wet tensile strength, in the manner 
described above. 

The results (all corrected to a handsheet basis weight of 34 gsm) are given in 
Table 2 below, which also specifies the ratio (by weight) of the various treating 
5 agents (as solids) used in each test. 5 

The teabag papers according to the invention were tested to determine 
whether they would impart an undesirable taste to beverages. The papers were 
found to be as good in this respect as the prior-art papers containing Kymene 557 
and CMC. 

10 Example 3. 10 

Untreated teabag paper was first treated with a 0.1% solids solution of Polymin 
P and then treated with a mixture of Kymene 557 and HEC in the ratio of 1:2.9. The 
total pick up of the various solids was approximately the same as in Example 1. This 
gave a certain improvement in the alkaline wet strength, although this 

15 improvement was not quite as great as that obtained in Example 2, as may be seen 15 

from the results given in Table 2. 

The teabag papers according to the invention were tested to determine 
whether they would impart an undesirable taste to beverages. The papers were 
found to be as good in this respect as the prior-art paper containing just Kymene 

20 557 and CMC. 20 
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From the results of the foregoing Examples 2 — 4, the following conclusions 
could be drawn. 

(i) The alkali resistance of teabag paper can be substantially increased by 
treating the web with a hydroxy ethyl cellulose/polyamide-epichloro- 
hydrin/polyethylene imine mix when compared to a carboxy methyl 5 
cellulose/polyamide-epichlorohydrin mix. 
(ii) It was also found that the treatment with Kymene 557/Polymin SN/HEC 
gave the same taste neutrality that is a feature of the prior-art Kymene 557/ 
CMC-treated paper. 

0 (iii) The alkali resistance (measured as the alkaline wet tensile strength) of tea- 10 

bag paper increased as the proportion of Kymene 557 approached that of 
polyethylene imine and hydroxy ethyl cellulose. 
Note: Polyethylene imine is also marketed in other forms, such as Polymin P. 
Polymin SN and Polymin P give similar results when used in the present 

5 invention. 15 

Example 5. 

Samples of paper were treated with various treating agents and then soaked for 
20 minutes in a 6% by weight, aqueous sodium hydroxide solution. The tensile 
strength of each sample was then measured. 

:0 The paper used was a pure abaca fibre base web obtained from a commercial 20 

production run used for the manufacture of casing paper. Such a paper was 
characterised by being virtually unmodified by treatments such as beating. Thus, 
the bonded areas of such a sheet prior to saturation with the treating agent was very 
small, with the result that the initial web was very weak. 

5 The treating agents were as follows: 25 

A: HEC/Kymene 557/Polymin P (ratio 1:1:1 by weight) 

B : Polymin SN 

C: Polymin P 

D: Kymene 557 

0 E : HEC 30 



The results are shown below in Table 4. 



1,536,216 



12 



°1 

c 



3 



c 
o 

H 



o 

SO 



o 



o 



o 

OO 



a * 
o 



c - o 

5 s w 

i3 .= o 



B -5 



cd 
H 



.SO 



WO 
OO 



3 
cd 



cd 
> 



cd 



.> 
< 



4> 

s 

cd 



55 



CO 

* — wo 

o ^ 

w ^ 

4) OO 



> w 
4> C 
— • u 



cd 



c 
cd 



o • 
c 
o 
o 

00 

c 



cd 

H 



o 



3 

CO 



E 
o 

1— 



c 

4) 

E 



*5 o cd 

« g E 

u CT4) 

cd o-C 



' cd 



■S-5 



.E"0 

«- O -a o 

CU to 



C 

0D cd 
cd 



bD O 
C 

« i2 



7 c 
a> ° 

c cd 



55 « = ^ .ts 

— *— _ O cd 3 



— C 



— ; o 



i c 5 « § 

- F 1 cd tsfl co «— - 

— *22 



, o 
-a . 

c 



• 3 co > 
> t: Ou co "co 



_ CO 

.E « 



4> — t- 



5.5 
cd E 



CJ 4> cd 

<i> — 



c cd 



§■5 



c Si, 5 *t5 S o v 

.2 o - " " " A 
«- o « 



cd -C c 
w S 3 S 

-s g« 3-g-£ 



:!= cd 



c 

O -.22 S « « S 
©-•"IS cd--^ „ 

^ .E £ E « 

■iS « co O g 



.E cd « 

-o £ 

5 C 4> 

° cd c 
o 

Si r- >v 
^ m± 

v> cd 



E™ cu.E 



— ' o 
c > 

o ? 
-C o 

CO _ 

— 

3 <U 
to ' — 
4) — 

»- cd 

O 4> 

O cd 

^ s 

l— CO 

O cd 

o S 

IS 

C K 

o " 

D <- 
O.H 

* * 

,3 O 



c*-T3 cq 

« i2 S 

• — w 

co cd 

> cd o 

c*- o 

ca ? » 



^2 *o 
cT o 

X nj 

-a uj 

Cd W r— 

S co 
« 1> o 

e E o 
E 

^ ^ « 



C w 

O «= 

3 cd 

c . 

o 

co 

cd o 



> cd 

> ex.. 22 

« JC 

cd - o 
cd 

o fao« 

-° t 

-2 CO d) 

•8 



co 5^-0 O 
-O i- w C 
<L> Cd co • — 

S y W "cd 
co^^ 

c IS c 

tV3— > g 
* ) >~» co" |^ 
5 3 3 

« cd ^ 

*- o • .2 
•S 6 " E - 
c <u 

S o.E.E 

C CJ «J O 

~zz xz 

Q CO 4) 

= io £ 

CO 



<~ — to 

« OX - 

3 > 2 



cd fd 



cd 
E- 



3 > ^_ 
»J* CT 3 
JL* cd o O 

cot: 

- - |J cd 
S rt 2 JC 

»5 S « .« 

« " E > 
i 5 8.E 



o 



13 



1.536,216 



wet streneth of a fibrous web, as is currently used for casing paper, diminishes with 
Ume presumably as the disruption of the binder by the alkali gradually 'proceeds 

For this reason, the alkaline wet tensile strength; were n™™'*-™."??^ 
that had been soaked in the alkaline solution for 20 ™" tc *£ { ™^£?£}£SZ 
further change in the alkaline wet tensile strength ^":^l^ h ^ T ^ d S ^ 
that after this period had elapsed the alkaline wet strength of the web treated wun 
Kymene 557 was diminished virtually to zero. uncles Powder 

Our findings are corroborated by literature issued by Hercules rowoer 
Company who Ire leading manufacturers of polyamine-ep.chlorohydnn res ns for 
The Jet-strengthening of papers. They suggest that to "^^f^l^i;^ 
one should add an alkali such as causUc soda m order to destroy the wet-strengtn. 

Example 6. ., , . 

Samples of paper were treated with various agents in the manner described in 
Fxamole 5 except that the total pick-up of solids during the treatment was 6/ a on a 
^Sr^S S iTthe le'vel th P a t might be expected in the commercial 
treatment of paper webs with wet-strength agents or the I ke. The dry tensile 
S rength and alkalinetensile strength were measured (the latter being measured 
only after soaking the sample for 20 minutes in 6% aqueous NaOH). 

The treating agents were as follows: — 
A: HEC/Polymin P (weight ratio 1:1) 
B : Kymene 557/Polymin P (weight ratio 1:1) 
C • HEC/Kymene 557/Polymin P (weight ratio 1:1:1) 
D- HEC/Kymene 557/Polymin P (weight ratio 5:2:1) 



The results are shown below 


in Table 5. 
TABLE 5. 






Dry Tensile 
Strength 
(g/25 mm) 


Alkaline Tensile 
Strength 
(g/25 mm) 


Untreated Control 


1,250 


0 


A 


3,200 


331 


B 


2,550 


463 


C 


3,000 


500 


D 


3,300 


531 



As can be seen from the above table, the ternary mixture according to the 
invent onTmparted a significantly higher alkaline wet strength to the web than the 
tested binary mixtures. It will be noted that, assuming uniform pick-up 
composition^ 3% pick-up of each of the known wet-strength agents Kymene 
5S7^nd Polymin P still gives a lower alkaline wet-strength than composition C, with 
the equiva em of only a 2% pick-up of each of these two agents (As shown . 
Example 5 HEC by itself £ unsuitable as an alkaline wet-strength agent). The 
superiority of She invention is even more marked in the case of composition D, 
which has even lower amounts of Kymene 557 and Polymin P. . . 

It should also be noted that the high levels of Kymene 557 and Polymin P m he 
web treated with composition B may, in some circumstances exceed the permitted 
levels. Thus, the ternary system used in the present invention is especially 
advantageous. 

rA^To«lfo L r^ne 4 produ"ction of paper, which process comprises forming a 
fibrous paper web and treating the fibres with . a w^^^/^J^ 
thermosetting, epihalohydrin-containing resin, a non-viscose film-forming material 

2 P A^^ to claim I, wherein the water-soluble cationic, thermo- 
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wet> - l * ^ ^ioim i 9 or ^ wherein the water-soluble cationic, 

4. A process according to claim 1, 2 or J wnerein inc w * film-formine 

mM ^S^V^X°^ of claims 1 to 5, in which the cationic, thermo- 

settin 7 g ^raSK^^ epi " 

iS " WiScSsSSording to any of claims 1 to 8, wherein the cationic thermo- 
M ttii epffilo?ydriSS?nt5ining Lin is applied in an amount to gl ve 0.05/ o to 
4.0% by weight of the fibrou, , web , on * .dry wji?ht ba «s film-forming 

ma teriits» 

a dry weight basis. r ,. im<l i to in wherein the polyalkylene 

imini 1 !. i^KIS.S^SSaS S&^S^ » weWtt of th.%b«m- -b. 
on a dry weight bas^ claims { tQ fof th£ odu ction of casing 

f e b sinr0.6% to n 8% of l^mXr^^^ 0.05% to 2.0% of the poly- 
alkyleje Mne. ^ ^ ^ ich he tre^mg agents are applied in 

amounts1o P give, by weight of the fibrous web .on. a dry T^g^i nlSriallnd 
the epihalohydrin-containing resin, 2.4/ to 4.8/ 0 ot tne mm ior B 
0.4% to 0.8% of the Polyalkylene imine. production of teabag 

14._ A process according to any of cla ms to 8 to ^ p weight 




or 4 
16. 



alkylene imine. which the treating agents are applied in 

'15. A process according to claim 14 m w h^hetrea^i g g ^ 
amounts to give, by weight of the "brous wen o n a u y b film-forming material 
of the epihalohydrin-containing resin, 1.0/ to or 

and 0.2% to 0.3% of the PO^^XNTubstantially as described in Example 1 . 

!?■ * p p£ c cS «c^^ - described in Example 2 - 3 

!i:Sgtap^^ 

20 Teabag paper whenever produced by a process according to claim 14, 15 or 

forming SSrfSST^S'SSS^ri ;™^?Mc=ta the film-forming material is hydroxy 

ethyl cellulose. or ^ th cat ionic, thermosetting, epi- 

-°SS^o **» * * 

POlyC 25 h SusiTp'uches when prepared from a paper according to any of cla.ms 
18 ' ^.Anlnfusion pouch according to claim 25, containing a quantity of herbal 
tea. 



1,536,216 



15 



27. Casing material whenever prepared from a paper according to any of 
claims 18, 19 and 21 to 24 by impregnating the paper with a caustic viscose solution 
and subsequently regenerating the cellulose in the viscose by means of acid. 

28. A processed meat product whenever encased in casing material according 

to claim 27. 5 
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